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Description 

Background of the Invention 
5 Field of the Invention 

[0001] The present invention relates to a process for producing an amide compound having a polyaminopolycarbox- 
ylic acid group, which amide compound is a useful intermediate for pharmaceuticals, agricultural chemicals and the 
like. For example, an amide compound of formula (1) can be used as a diagnostic imaging agent by allowing the 
10 polyaminopolycarboxylic acid group to make a complex with a radioactive or paramagnetic metallic element. 
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25 

[0002] Heretofore, there has been known a process for producing an amide compound having a polyaminopolycar- 
boxylic acid group, which process was conducted by mixing solid human serum albumin and solid polyaminopolycar- 
boxylic acid anhydride, and quickly dissolving the mixture in a Hepes buffer solution (Int. J. Appl. Rad. Isot., 33, 327 
30 (1 982)). However, the process was not always satisfactory for practical industrial production in view of the operations 
of the process as described above. 

Summary of the Invention 

35 [0003] According to the present invention, a desired amide compound can be readily and advantageously produced 
through practical industrial operations. 
[0004] The present invention provides 

a process for producing an amide compound , which comprises reacting a compound having an amino group 
with a polyaminopolycarboxylic acid anhydride in the presence of the polyaminopolycarboxylic acid. 

40 

Detailed Description of the Invention 

[0005] The present invention will be described in detail below. 

[0006] The compound having an amino group that may be used in the present invention is not particularly limited as 
45 long as it is an organic compound having at least one amino group in its molecule, and examples thereof include, for 
example, a protein, a peptide, an amino acid, an amino sugar, an amine and the like. 

[0007] Examples of the protein include, for example, a blood protein such as serum albumin, fibrinogen or the like, 
a modified protein such as galactosyl serum albumin or the like, an enzyme such as amylase, pepsin or the like, an 
immune antibody such as IgG, or a fragment thereof such as Fab, Fab 1 or the like, a hormonesuch as thyroid-stimulating 
50 hormone, a growth hormone or the like, and a simple protein such as prolamine, glutelin or the like. 

[0008] Examples of the peptide include, for example, a synthetic peptide such as Pyr-Lys-Arg-Pro-Ser-Gln-Arg-Ser- 
Lys-Tyr-Leu, D-Phe-octreotide, polylysine or the like, a hormone such as oxytocin, bradykinin or the like, and an anti- 
biotics such as valinomycin, colistin or the like. 

[0009] Examples of the amino acid include, for example, an a-amino acid such as alanine, leucine, lysine or the like, 
55 a |3-amino acid such as (3-alanine, isoserine, or the like, a y-amino acid such as y-aminobutyric acid, 4-amino-3-hy- 
droxybutyric acid or the like, and a 5-amino acid such as 5-aminovaleric acid, 5-aminolevulinic acid or the like. 
[0010] Examples of the amino sugar include, for example, a monosaccharide such as glucosamine, galactosamine 
or the like, an amino oligosaccharide comprising glucosamine, galactosamine or the like as a repeating unit (e.g. 
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chitosan oligosaccharide or the like), and a corresponding oligosaccharide having a reduced terminal reducing group. 
[0011] Examples of the amino oligosaccharide include, for example, those having a molecular weight of 500 to 2000, 
and specific examples thereof include, for example, an oligosaccharide having 3 to 1 0 glucosamines or galactosamines 
as a repeating unit (e.g. chitosan tri- to decasaccharide comprising 3 to 10 D-glucosamines, or the like). 
5 [0012] Examples of the amino oligosaccharides having a reduced terminal reducing group include, for example, 
glucosamine trisaccharide having a reduced terminal reducing group represented by the following formula (2): 



10 



15 




20 and a galactosamine trisaccharide having a reduced terminal reducing group represented by the following formula (3): 



25 




NH 2 NH 2 NH 2 



30 

[0013] Examples of the amine include, for example, 

a monoamine such as aniline, 4-methylaniline. 4-octylaniline, ethylamine, n-propylamine, isopropylamine, n- 
35 butylamine, sec-butylamine, isobutylamine, tert-butylamine, n-octylamine, n-decylamine, (1-naphthylmethyl) 

amine, N-methylaniline, N-methyl-4-ethylaniline, N-methyl-4-octylaniline, diethylamine, N-ethyl-N-propylamine or 
the like, 

a diamine such as ethylenediamine, dansylethylenediamine, dansylhexamethylenediamine, N-(1 -naphthyl)ethyl- 
enediamine, 1 -naphthalenesulfonylethylenediamine, hexamethylenediamine, phenylenediamine or the like, and 
40 a triamine such as diethlenetriamine or the like. 

[0014] The compound having an amino group may be used as it is or may also be used in the form of a solution or 
a suspension after being dissolved or suspended in a solvent described below. Furthermore, as a compound having 
an amino group, a salt comprising the compound having an amino group and a mineral acid such as hydrochloric acid, 
45 sulfuric acid orthe like can also be used. When such a salt is used, it is desirable to mix the salt with an alkali in advance 
to convert the salt to a free amino group, or to add an alkali to the reaction system to convert the salt to a free amino 
group. 

[0015] Examples of the polyaminopolycarboxylic acid anhydride include, for example, those having two or more 
amino groups and at least one acid anhydride group in the molecule such as ethyl en ediami net etraacetic dianhydride, 

50 ethylenediaminetetraacetic acid monoanhydride, diethylenetriaminepentaacetic acid dianhydride, diethylenetri- 
aminepentaacetic acid monoanhydride, 1 ,4,7,1 0-tetraazacyclododecane-1 ,4,7,1 0-tetraacetic dianhydride, 
1 ,4,7,1 0-tetraazacyclododecane-1 ,4,7,1 0-tetraacetic acid monoanhydride orthe like. The acid anhydride can be ob- 
tained by dehydrating corresponding polyaminopolycarboxylic acids by a conventional manner. 
[0016] The polyaminopolycarboxylic acid monoanhydride may be obtained by adding water to polyaminopolycar- 

55 boxylic acid dianhydride to hydrolyze one of its anhydride group. 

[0017] The amount of the polyaminopolycarboxylic acid anhydride that may be used is not particularly limited and 
may suitably be set according to the desired amide compound, its application, its production cost or the like. For ex- 
ample, when a compound in which all the amino groups contained therein is amidated is desired, a polyaminopolycar- 
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boxylic acid anhydride is preferably used in an amount of one mole or more per mol of the amino groups in thecompound 
having an amino group. 

[0018] Examples of the polyaminopolycarboxylic acid include those having two or more amino groups and two or 
more carboxyl groups in the molecule such as ethylenediaminetetraacetic acid, diethylenetriamine-pentaacetic acid, 
5 1 ,4,7,1 0-tetraazacyclodocecane-1 ,4,7,1 0-tetraacetic acid or the like. In this reaction, a polyaminopolycarboxylic acid 
corresponding to the polyaminopolycarboxylic acid anhydride is usually used. The polyaminopolycarboxylic acids as 
described above are commercially available. 

[0019] The polyaminopolycarboxylic acid may be used as it is or may also be used after being converted to a car- 
boxylate metal salt such as an alkali metal salt of the polyaminopolycarboxylic acid or an alkaline earth metal salt of 

10 the polyaminopolycarboxylic acid by mixing with an aqueous alkaline solution of, for example, an alkali metal hydroxide 
such as sodium hydroxide or the like, or an alkaline earth metal hydroxide such as magnesium hydroxide or the like. 
[0020] The amount of the polyaminopolycarboxylic acid is usually 0.1 mole or more per mol of the polyaminopoly- 
carboxylic acid anhydride. The amount has no particular upper limit, but in practical use. it is usually 5 moles, at most, 
per mol of the polyaminopolycarboxylic acid anhydride since too much use of the polyaminopolycarboxylic acid is 

15 economically disadvantageous. 

[0021] The reaction temperature is usually 0°C to the refluxing temperature of a reaction solution. 
[0022] The present invention allows the compound having an amino group and the polyaminopolycarboxylic acid 
anhydride to react in the presence of the polyaminopolycarboxylic acid. For example, the process may be performed 
by adding the compound having an amino group and the polyaminopolycarboxylic acid anhydride to the polyaminop- 

20 olycarboxylic acid, or by adding the acid anhydride to a mixture of the compound having an amino group and the 
polyaminopolycarboxylic acid. The compound having an amino group and the polyaminopolycarboxylic acid anhydride 
may be added to the polyaminopolycarboxylic acid simultaneously, for example, in such a way that their addition is 
finished at the same time or that the addition of one of them may be finished earlier than the other. In the latter case, 
it is preferred, particularly in an aqueous condition where water or a mixture of water and an organic solvent as described 

25 below is used as a solvent, to finish the addition of the compound having an amino group earlier than the addition of 
the polyaminopolycarboxylic acid anhydride from the viewpoint of the improvement in the yield of the desired compound. 
Alternatively, the compound having an amino group may be added to the polyaminopolycarboxylic acid, in the aqueous 
condition as described above, and subsequently the polyaminopolycarboxylic acid anhydride may be added. Under a 
non-aqueous condition where an organic solvent as described below is used as a solvent, the addition of the compound 

30 having an amino group and/or the polyaminopolycarboxylic acid is not limited to the methods as above, but the com- 
pound having an amino group may be added to a mixture of the polyaminopolycarboxylic acid anhydride and the 
polyaminopolycarboxylic acid. Thecompound having an amino group and/or the polyaminopolycarboxylic acid anhy- 
dride may be added either continuously or intermittently. 

[0023] The reaction may be performed in the absence of a solvent, but is usually performed in the presence of a 
35 solvent because of the physical properties of the reaction mixture. Examples of the solvent include, for example, water, 
an organic solvent, or a mixture thereof. 
[0024] Examples of the organic solvent include, for example, 

an alcohol solvent such as ethanol, 2-propanol, 1-butanol or diethylene glycol monomethyl ether, 
40 an aprotic polar solvent such as acetonitrile, N,N-dimethylformamide or dimethyl sulfoxide, 

an ether solvent such as diethyl ether, methyl tert-butyl ether, tetrahydrofuran and dioxane, 
a ketone solvent such as acetone, methyl ethyl ketone and methyl isobutyl ketone, 
an aromatic hydrocarbon solvent such as toluene, xylene, or the like, and 

a halogenated hydrocarbon solvent such as dichloromethane, dichloroethane, chloroform, carbon tetrachloride, 
45 chlorobenzene, dichlorobenzene or the like, and 

a mixture of the above-described solvents. Such organic solvents may be used alone or may also be used after 
being mixed. 

[0025] The organic solvent may also be added to the compound having an amino group, the polyaminopolycarboxylic 
50 acid anhydride or the polyaminopolycarboxylic acid in advance. Water may be added to the compound having an amino 
group orthe polyaminopolycarboxylic acid in advance, but it is desirable not to add water to the polyaminopolycarboxylic 
acid anhydride since there is a fear that mixing of water with the polyaminopolycarboxylic acid anhydride causes a 
hydrolysis reaction of the acid anhydride to proceed prior to the desired reaction. 

[0026] The amount of the solvent that may be used is not particularly limited, but it is usually 1 00 parts by weight, at 
55 most, per 1 parts by weight of the compound having an amino group. 

[0027] The reaction can proceed more smoothly by being performed in the presence of a base. Examples of the 
base include, for example, an inorganic base, an organic base and the like. Examples of the inorganic base includes, 
for example, 
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an alkali metal hydroxide such as lithium hydroxide, sodium hydroxide, potassium hydroxide or the like, 

an alkaline earth metal hydroxide such as calcium hydroxide, magnesium hydroxide, or the like, 

an alkali metal carbonate such as lithium carbonate, sodium carbonate, potassium carbonate or the like, 

an alkali metal hydrogencarbonatesuch as sodium hydrogencarbonate, potassium hydrogencarbonate or the like. 

5 

[0028] Examples of the organic base include triethylamine, pyridine or the like. The amount of the base that may be 
used is not particularly limited, but it is, preferably, 50 moles, at most, per mol of the polyaminopolycarboxylic acid 
anhydride. Furthermore, such a base may be added to the compound having an amino group or the polyaminopoly- 
carboxylic acid in advance. 

10 [0029] When water is used as a solvent, it is desirable to perform the reaction while maintaining pH of the reaction 
solution in a weakly acidic to alkaline region from the viewpoint of the improvement in the yield of the desired compound. 
The pH range is preferably set in the range of pH 5 to 14, and more preferably in the range of pH 6 to 10. In this case, 
the reaction can be performed while the pH range of the reaction solution is adjusted within the aforesaid range through 
the addition of the aforementioned inorganic base to the reaction solution. 

15 [0030] For example, when a polyaminopolycarboxylic acid anhydride having two or more anhydride groups in the 
molecule, such as ethylenediaminetetraacetic dianhydride, diethylenetriaminepentaacetic acid dianhydride or the like, 
is used to produce an amide compound having an amide group formed from one amino group and one anhydride 
group, and carboxyl groups resulted from hydrolysis of the rest of the anhydride group(s), the reaction can be performed 
while allowing sufficient amount of water for the hydrolysis to proceed in the reaction system or can be performed by 

20 using water as a reaction solvent. Particularly, using water as a reaction solvent is preferable since an amidation 
reaction and a ring-opening reaction can be performed simultaneously. When water is used as a reaction solvent, the 
pH of the reaction solution is usually adjusted during the reaction within a weakly acidic or alkaline region. The pH 
range is preferably set, for example, in a range of pH 5 to 14, and more preferably in a range of pH6 to 10. 
[0031] After completion of the reaction, the desired amide compound can be isolated, through a refining treatment, 

25 if necessary. 

[0032] When the reaction is performed in the presence of a base, there may be obtained an amide compound of 
which carboxylic acid group is forming a salt with the base. 

[0033] When the compound having an amino group has a further hydroxyl group in the molecule, a polyaminopoly- 
carboxylic acid anhydride may react with the hydroxyl group to form an esterified product. When such an esterified 
30 product is formed, it is preferable to adjust, after completion of the reaction, the reaction solution to weakly alkaline, 
for example, pH 8 to 1 0 to hydrolyze the esterified product, and thereafter the desired compound may be isolated. 
[0034] Examples of the amide compound obtainable in such a way include, for example, a conjugate of a human 
serum albumin and diethylenetriaminepentaacetic acid, 



35 a conjugate of galactosyl serum albumin and diethylenetriamine-pentaacetic acid, 

a conjugate of D-Phe-octreotide and diethylenetriamine-pentaacetic acid, 
an amide compound of formula (1), 



40 
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50 




an amide compound of formula (4), 



55 
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an amide compound of formula (5), 




an amide compound of formula (6), 




amide compound of formula (7), 
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an amide compound of formula (8), 




N-(phenylcarbamoylmethyl)diethylenetriamine-N,N , ,N",N"-tetraacetic acid, 
N-(4-octylphenylcarbamoylmethyl)ethylenediamine-N,N , ! N , -triacetic acid ; 
N-(4-octylphenylcarbamoylmethyl)diethylenetriamine-N,N , .N",N"-tetraac etic acid, 
N-Cfe-dansylaminohexy^carbamoylmethylldiethylenetriamine-N^VN^N" -tetraacetic acid and 
N,N"-bis(phenylcarbamoylmethyl)diethylenetriamine-N,N l ,N"-triacetic acid. 

[0035] Such a amide compound can be derivatized to a diagnostic imaging agent through, for example, coordination 
with a radioactive or paramagnetic metal element, and a refining treatment, if necessary. 

Examples 

[0036] Referring to examples, the present invention will be described in more detail below, but the present invention 
is not limited to these examples. 

Example 1 

[0037] Into a 500-mL five-necked separable flask equipped with a refluxing device, a stirring device and a thermom- 
eter was charged 131 g of a 16 wt% aqueous sodium hydroxide solution, and the internal temperature was raised to 
80°C. After the addition of 3 g of a hydrochloric acid salt of chitosan trisaccharide having a reduced terminal reducing 
group (chitotriitol) and 28.6 g of diethylenetriaminepentaacetic acid, 27.5 g of diethylenetriaminepentaacetic acid di- 
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anhydride was added continuously in small portions at the same temperature. After stirring and holding at the temper- 
ature for one hour, 31 g of a 30 wt% aqueous sodium hydroxide solution was added to adjust pH of the reaction solution 
to 9. After being stirred and maintained at the temperature for one hour, the mixture was cooled to room temperature. 
Analysis by high performance liquid chromatography revealed that the yield of the desired amide compound repre- 
5 sented by the following formula (1 ) was 57.6%. 
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Example 2 

[0038] Into a 500-mL five-necked separable flask equipped with a refluxing device, a stirring device and a thermom- 
25 eterwere charged at room temperature 50 g of a 17 wt% aqueous sodium hydroxide solution and 28.8 g of diethylen- 
etriaminepentaacetic acid, and the internal temperature was raised to 80°C. After the addition of 10 g of a 25 wt% 
aqueous sodium hydroxide solution at the same temperature, a solution dissolving 3 g of a hydrochloric acid salt of 
chitosan trisaccharide having a reduced terminal reducing group (chitotriitol) in 66 g of a 14 wt% aqueous sodium 
hydroxidesolution, and 27.4 g of diethylenetriaminepentaacetic acid dianhydride were added simultaneously in paralell. 
30 The solution of chitosan trisaccharide having a reduced terminal reducing group (chitotriitol) and the diethylenetri- 
aminepentaacetic acid dianhydride were added continuously over 25 minutes and 30 minutes, respectively. During the 
addition, pH of the reaction solution was in the range of 6.9 to 7.5. After completion of the addition, the reaction solution 
was stirred and maintained at the same temperature for one hour and then 36 g of a 25 wt% aqueous sodium hydroxide 
solution was added to adjust pH of the reaction solution to 9. After being stirred and maintained at the temperature for 
35 one hour, the mixture was cooled to room temperature. High performance liquid chromatography analysis revealed 
that the yield of the desired amide compound represented by the formula (1) above was 80.2%. 

Example 3 

40 [0039] Into a 500-mL five-necked separable flask equipped with a refluxing device, a stirring device and a thermom- 
eter were charged at room temperature 78 g of a 20 wt% aqueous sodium hydroxide solution and 51 .7 g of diethylen- 
etriaminepentaacetic acid, and the internal temperature was raised to 80°C. After the addition of 19 g of a 25 wt% 
aqueous sodium hydroxide solution at the same temperature, a solution of 3 g of a hydrochloric acid salt of chitosan 
trisaccharide having a reduced terminal reducing group (chitotriitol) in 57 g of a 16 wt% aqueous sodium hydroxide 

45 solution, and 27.5 g of diethylenetriaminepentaacetic acid dianhydride were added simultaneously in paralell thereto. 
The solution of chitosan trisaccharide having a reduced terminal reducing group (chitotriitol) and the diethylenetri- 
aminepentaacetic acid dianhydride were added continuously over 25 minutes and 30 minutes, respectively. During the 
addition, pH of the reaction solution was in the range of 7.0 to 7.5. After completion of the addition, the reaction solution 
was stirred and maintained at the same temperature for one hour and then 44 g of a 25 wt% aqueous sodium hydroxide 

50 solution was added to adjust pH of the reaction solution to 9. After being stirred and maintained at the temperature for 
one hour, the mixture was cooled to room temperature. High performance liquid chromatography analysis revealed 
that the yield of the desired amide compound represented by the formula (1) above was 82.1%. 

Comparative Referential Example 1 

55 

[0040] Into a 500-mL five-necked separable flask equipped with a refluxing device, a stirring device and a thermom- 
eter were charged at room temperature 3 g of a hydrochloric acid salt of chitosan trisaccharide having a reduced 
terminal reducing group (chitotriitol) and 67 g of a 16 wt% aqueous sodium hydroxidesolution, andtheinnertemperature 
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was raised to 80°C. After the addition of 27.7 g of diethylenetriamine-pentaacetic acid dianhydride in small portions at 
the same temperature, the reaction solution was stirred and maintained at the temperature for 15 minutes. After cooled 
to room temperature, high performance liquid chromatography analysis revealed that the yield of the desired amide 
compound of formula (1) above was 45.2%. 

5 

Example 4 

[0041] Into a 500-mL five-necked separable flask equipped with a refluxing device, a stirring device and a thermom- 
eter were charged at room temperature 45 g of a 25 wt% aqueous sodium hydroxide solution, 40 g of 1 ,4-dioxane and 

10 28.7 g of diethylenetriaminepentaacetic acid, and the internal temperature was raised to 73°C. At the same tempera- 
ture, a solution of 3 g of a hydrochloric acid salt of a chitosan trisaccharide having a reduced terminal reducing group 
(chitotriitol) in 57 g of a 16 wt% aqueous sodium hydroxide solution, and 27.2 g of diethylenetriaminepentaacetic acid 
dianhydride were added simultaneously. The solution of chitosan trisaccharide having a reduced terminal reducing 
group (chitotriitol) and the diethylenetriaminepentaacetic acid dianhydride were added continuously in parallel over 25 

15 minutes and 30 minutes, respectively. During the addition, pH of the reaction solution was in the range of 7.0 to 7.6. 
After completion of the addition, the reaction solution was stirred and maintained at the same temperature for 30 
minutes and then 27 g of a 25 wt% aqueous sodium hydroxide solution was added to adjust pH of the reaction solution 
to 8. After being stirred and maintained at the same temperature for 30 minutes, the mixture was cooled to room 
temperature. High performance liquid chromatography analysis revealed that the yield of the desired amide compound 

20 represented by the formula (1) above was 67.2%. 

Example 5 

[0042] Into a 100-mL four-necked flask equipped with a refluxing device, a stirring device and a thermometer were 
25 charged at room temperature 1 g of a hydrochloric acid salt of chitosan trisaccharide having a reduced terminal reducing 
group (chitotriitol), 34 g of a 1 6 wt% aqueous sodium hydroxide solution and 7.2 g of ethylenediaminetetraacetic acid. 
After the internal temperature was raised to 80°C, 6.3 g of ethylenediaminetetraacetic dianhydride was added contin- 
uously in small portions. After being stirred and kept at the temperature for 30 minutes, 16 g of a 11 wt% aqueous 
sodium hydroxide solution was added to adjust pH of the reaction solution to 9. After being stirred and maintained at 
30 the temperature for 30 minutes, the mixture was cooled to room temperature. High performance liquid chromatography 
analysis revealed that the desired amide compound of formula (5) was obtained, wherein corrected area percentage 
of the compound in chromatogram was 51%. LC/ESI mass analysis: m/z=1 326.9 ([M+H]+), m/z=1 324.9 ([M-H]+). 




Example 6 

so [0043] Into a 200-mL four-necked flask equipped with a refluxing device, a stirring device and a thermometer were 
charged at room temperature 80 ml_ of N,N-dimethylformamide (dehydrated) and 6.6 g of diethylenetriaminepentaace- 
tic acid, and the internal temperature was raised to 75°C. After the addition of 6.0 g of diethylenetriamine-pentaacetic 
acid dianhydride at the temperature and subsequently being stirred and maintained for 30 minutes at the same tem- 
perature, 0.3 g of water was added in small portions in order to convert the dianhydride to a monoanhydride. After 

55 additional stirring and maintaining for one hour at the same temperature, 3.5 g of 4-octylaniline was added dropwise 
over 1 0 minutes. After being stirred and kept for one hour at the same temperature, the filtrate obtained by filtration to 
remove insoluble matters was concentrated to yield 11 .8 g of crude crystals. High performance liquid chromatography 
analysis of the crude crystals confirmed that the desired 
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N-(4-octylphenylcarbamoylmethyl)diethylenetriamine-N ! N ! N l, ; N ll -tetraacetic acid was obtained (the corrected ar- 
ea percentage in chromatogram: 94.3%). 



Claims 

1 . A process for producing an amide compound, which comprises reacting a compound having an amino group with 
a polyaminopolycarboxylic acid anhydride in the presence of the polyaminopolycarboxylic acid. 

2. A process according to claim 1 , wherein the compound having an amino group is a protein, a peptide, an amino 
acid, an amino sugar or an amine. 

3. A process according to claim 2, wherein the amino sugar is an amino oligosaccharide or an amino oligosaccharide 
having a reduced terminal reducing group. 

4. A process according to claim 3, wherein the molecular weight of the amino oligosaccharide is 500 to 2000. 

5. A process according to claim 4, wherein the amino oligosaccharide having a molecular weight of 500 to 2000 is a 
glucosamine oligosaccharide or a galactosamino oligosaccharide. 

6. A process according to claim 5, wherein the glucosamine oligosaccharide is a chitosan tri- to deca-saccharide. 

7. A process according to claim 5. wherein the galactosamino oligosaccharide is a galactosamine tri- to deca-sac- 
charide. 

8. A process according to any one of claims 1 to 7, wherein the polyaminopolycarboxylic acid is ethylenediamine- 
tetraacetic acid, diethylenetriamine-pentaacetic acid, or 1 ,4,7,1 0-tetraazacyclododecane-1 ,4,7,1 0-tetraacetic ac- 
id. 

9. A process according to any one of claims 1 to 8, wherein the polyaminopolycarboxylic acid anhydride is added to 
a mixture of the compound having an amino group and the polyaminopolycarboxylic acid. 

10. A process according to any one of claims 1 to 8, wherein the compound having an amino group and the polyami- 
nopolycarboxylic acid anhydride are added to the polyaminopolycarboxylic acid. 

11. A process according to claim 10, wherein the compound having an amino group and the polyaminopolycarboxylic 
acid anhydride are added simultaneously to the polyaminopolycarboxylic acid. 

12. A process according to any one of claims 1 to 11 , wherein the reaction is performed in the presence of a solvent. 

13. A process according to claim 12, wherein the solvent is at least one selected from water and an organic solvent. 

14. A process according to claim 13, wherein the solvent is water. 

15. A process according to any one of claims 1 to 14, wherein the reaction is performed in the presence of a base. 

1 6. A process according to claim 1 , wherein the compound having an amino group is a chitosan tri- to deca-saccharide, 
a chitosan tri- to deca-saccharide having a reduced terminal reducing group, a galactosamine tri- to deca-saccha- 
ride. a galactosamine tri- to deca-saccharide having a reduced terminal reducing group, serum albumin, fibrinogen, 
galactosyl serum albumin, amylase, pepsin, IgG, Fab, Fab', thyroid-stimulating hormone, a growth hormone, 
prolamine, glutelin, Pyr-Lys-Arg-Pro-Ser-Gln-Arg-Ser-Lys-Tyr-Leu, D-Phe-octreotide, polylysine, oxytocin, brady- 
kinin, valinomycin, colistin, an a-amino acid, a |3-amino acid, a y-amino acid, aniline, 4-methylaniline, 4-octylaniline, 
ethylamine, n-propylamine, isopropylamine, n-butylamine, sec-butylamine, isobutylamine, tert-butylamine, n-oc- 
tylamine, n-decylamine, (1 -naphthylmethyl)amine, N-methylaniline, N-methyl-4-ethylaniline, N-methyl-4-octy- 
laniline, diethylamine, N-ethyl-N-propylamine, ethylenediamine, dansylethylenediamine, dansylhexamethylenedi- 
amine, N-(1 -naphthyl)ethylenediamine, 1-naphthalenesulfonylethylenediamine, hexamethylenediamine, or phe- 
nylenediamine. 
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17. A process according to any one of claims 1 to 16, wherein the polyaminopolycarboxylic acid anhydride is ethylen- 
ediaminetetraacetic dianhydride, ethylenediaminetetraacetic acid monoanhydride, diethylenetriaminepentaacetic 
acid dianhydride, diethylenetriamine-pentaacetic acid monoanhydride, 1 ,4,7,1 0-tetraazacyclododecane- 
1 ,4,7,1 0-tetraacetic dianhydride, or 1 ,4,7,1 0-tetraazacyclododecane-1 ,4,7,1 0-tetraacetic acid monoanhydride. 

18. A process according to claim 17, wherein the amide compound is a conjugate of a human serum albumin and 
diethylenetriaminepentaacetic acid, 

a conjugate of galactosyl serum albumin and diethylenetriamine-pentaacetic acid, 
a conjugate of D-Phe-octreotide and diethylenetriamine-pentaacetic acid, 
an amide compound of formula (1), 




an amide compound of formula (4), 




(4) 



an amide compound of formula (5), 




(5) 
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an amide compound of formula (6), 




(6) 



an amide compound of formula (7), 




(7) 



an amide compound of formula (8), 
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N-(phenylcarbamoylmethyl)diethylenetriamine-N ; N l ,N",N"-tetraacetic acid, N-(4-octylphenylcarbamoyl- 
methyOethylenediamine-N.N'.N'-triacetic acid, 

N-(4-octylphenylcarbamoylmethyl)diethylenetriamine-N,N',N ll ,N , '-tetraacetic acid, 
N-[(6-dansylaminohexyl)carbamoylmethyl]diethylenetriamine-N,N , ,N ll ,N 11 -tetraacetic acid, or 
N,N ,, -bis(phenylcarbamoylmethyl)diethylenetriamine-N,N , ! N ,, -triacetic acid. 
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